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summary

This annual report contains a listing of the task orders and work
performed on each during the period of September 1, 1990 through
August 31, 1991 for Contract No. DAMD17-85-C-5133. Appendix A
lists the issue dates for the final reports for Task Orders # 7, 8,
9, 10, 11, 12, 13, and 14. Appendices B, C, D, F, G, H, I, and J
provide summaries of the results of the Task Orders. Appendix E is
a copy of the abstract of the results of Task order #10.
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Foreword

Citations of commercial organizations and
trade names in this report do not constitute
an official Department of the Army endorsement
or approval of the products or services of
these organizations.

For the protection of human subjects the
investigators have adhered to policies of
applicable Federal Law 45CFR46.
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Body of Report

During this period of the contract, our group worked on the
following Task Orders:

1. Task Order #7

Title: "Pharmacokinetics and Pharmacodynamics of Sustained,
Low-dose, Intravenous Infusions of Pyridostigmine"

The clinical portion was conducted between July 27, 1987
and October 16, 1987 and evaluation of the data continued.
The date the final report was issued is listed in Appendix A.
Appendix B is the summary of the results.

2. Task Order #8

Title: "Safety, Tolerance, Pharmacokinetics and
Pharmacodynamics of Single Oral Doses of Sustained-release
Pyridostigmine in Healthy Men"

The clinical portion was initiated on January 11, 1988
and was completed on April 23, 1988. The preparation of draft
task reports was under way. Several drafts had been submitted
by our group to the Contracting Officer Representative, Col.
Brian Schuster, for his review and review by his associates.
The suggestions for revisions based on those reviews were
incorporated into additional draft task reports, and by the
end of this reporting period the process of finalizing the
task report was almost completed. The date the final report
was issued is listed in Appendix A. Appendix C summarizes the
results.

3. Task Order #9

Title: "Safety, Tolerance, Pharmacokinetics and
Pharmacodynamics of Single Oral Doses of Sustained-release
Pyridostigmine (Duphar) in Healthy Men"

The clinical portion was conducted between March 28, 1988
and April 30, 1988. Draft task reports had been prepared and
revised. Several drafts had been submitted for review by Col.
Schuster and his associates. The suggested revisions based on
those reviews were incorporated into additional drafts, and by
the end of this reporting period the process of finalizing the
task report was almost completed. The date the final report
was issued is listed in Appendix A. The results of the study
are summarized in Appendix D.



4. Task Order #10

Title: "Multiple-dose Pharmacokinetics, Safety and Tolerance
of WR 6026 Hydrochloride in Healthy Subjects"

The clinical portion of this project was initiated on
August 16, 1988 and had been completed on December 16, 1988.
The data were collected and analyzed for drafting the task
report. The draft task report was submitted to Col. Schuster
for review by him and by his associates. Suggestions for
improvement were made, and substantial dialogue followed as
additional draft task reports were exchanged and reviewed. In
addition, in collaboration with Col. Schuster, it was decided
to have all of the electrocardiograms recorded in this study
reviewed independently by a cardiologist. The process of
review and revision of the draft task reports was completed
shortly before the end of this reporting period, with the
formal Task Report being issued on August 21, 1991. An
abstract describing the results of the study was submitted to
the 31st Interscience Conference on Antimicrobial Agents and
Chemotherapy, and was accepted for presentation at this
meeting which took place in Chicago, Illinois over the period
September 29-October 2, 1991 (Appendix E). The results are
summarized in Appendix F.

5. Task Order #Il

Title: "Safety, Tolerance, Pharmacokinetics and
Pharmacodynamics of Single Oral Doses of Pyridostigmine
Administered by an Osmotic-delivery Module (Osmet R) Compared
to Pyridostigmine Syrup in Healthy Men"

The clinical portion of this project, which began on
January 8, 1989, had been completed on February 3, 1989. The
data had been collected and analysis initiated for preparing
the task report. During this reporting period, several drafts
of the task report were submitted for review by Col. Schuster
and his associates. The suggested revisions based on those
reviews were incorporated into additional drafts, and by the
end of this reporting period the process of finalizing the
task report was almost completed. The date the final report
was issued is listed in Appendix A. Appendix G provides a
summary of the results.



6. Task Order #12

Title: "Safety, Tolerance, Pharmacokinetics and
Pharmacodynamics of Single Oral Doses of a Commercial
Fnrmulation of Sustained-release Pyridostigmine in Healthy
Men"

The clinical portion of this project was conducted
between December 12 and December 23, 1988. The data had been
collected and analysis initiated for preparing the task
report. During this reporting period, several drafts of the
task report were submitted for review by Col. Schuster and his
associates. The suggested revisions based on those reviews
were incorporated into additional drafts, and by the end of
this reporting period the process of finalizing the task
report was almost completed. The date the final report was
issued is listed in Appendix A. The results of this Task
Order are summarized in Appendix H.

7. Task Order 113

Title: "A Protocol to Assess the Irritancy, Contact
Sensitization and Contact Photoallergic Potential of
Niclosamide - A Topical Anti-schistosomal Agent"

The clinical portion of this study was initiated on
December 21, 1989 and was completed on July 20, 1990.
Throughout the conduct of this study, close collaboration
continued between our group and Army personnel at Walter Reed
and at Ft. Detrick. Necessary amendments to the protocol were
made to facilitate the completion of the project in a proper
fashion. The data were analyzed and drafts of the task report
were prepared and submitted for review by Col. Schuster and
other Army personnel. Using the suggestions coming from these
reviews, and after discussion within our group, the drafts
were revised and reviewed again. The final report was issued
on April 18, 1991. Appendix I summarizes the results.

8. Task Order #14

Title: "Safety, Tolerance, Pharmacokinetics and
Pharmacodynamics of Intravenous Pyridostigmine and Oral Doses
of Standard and Sustained-release Pyridostigmine in Healthy
Men and the Influence of Food on Oral Pyridostigmine
Pharmacokinetics"

The clinical portion of this study was initiated on March
11, 1990 and had been completed on May 26, 1990. The
collection and analysis of the data continued in preparation
for drafting the task report. The date the final report was
issued is listed in Appendix A. Appendix J provides a summary
of the results.



Appendix A

Task Order Final Reports: Dates of Issue

Task Order #7 August 7, 1993

Task Order IS September 28, 1991

Task Order #9 September 29, 1991

Task Order #10 August 21, 1991

Task Order #Il November 11, 1991

Task Order #12 October 22, 1991

Task Order #13 April 18, 1991

Task Order #14 February 16, 1993



APPENDIX B

SUHMARY T.O. #7

Pyridostigmine bromide may be a useful adjunct to atropine sulfate to

prevent death from organophosphace exposure if given in advance of the

exposure and if given in a dose that is adequate to inhibit red blood cell

acetylcholinesterase by 20-40%. The inter-individual variability to a known,

constant exposure to pyridostigmine is poorly characterized.

This study was designed (1) to assess the relationship between plasma

concentrations of pyridostigmine and erythrocyte acetylcholinesterase

inhibition, (2) to determine whether erythrocyte acetylcholinesterase and the

contractile response of the iris to light are inhibited in a parallel fashion

by pyridostigmine, and (3) to assess the inter-individual variations in the

concentration-effect relationships described in L and 2.

The clinical portion of the study was conducted between 27 July and 16

October 1987, and shoved that the constant intravenous infusion of .low doses

of pyridostigmine was safe and well tolerated. Intravenous pyridostigmine

gave relatively steady plasma concentrations of pyridostigmine and erythrocyte

acetylcholinesterase inhibition during the latter portion of the infusions.

Mean peak erythrocyte acetylcholinesterase inhibitions were 29% and 36% for

infusions of 12.5 mcg/minute and 18.75 mcg/minute, respectively. The mean

rate constant of elimination was 1.365 hr'1, corresponding to an elimination

half-life of 30 minutes. The mean plasma clearance was 44.62 L/hr, or 744

ml/minute. The mean concentration at which 50% of the erythrocyte

acetylcholLnescerase activity was inhibited (IC . 0) was 31.8 nrg/ml. The
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influence of these infusions on the contractile response of r'.e Iris was

difficult to measure and could not be reliably standardized due to technical

limitations. Because these problems introduced zeriou.s uncertainty into

measuring pupillary response to the Infusions, no correlation with plasma

pyridostigmine levels or acetylcholinesterase inhibition could be assessed.



APPENDIX C

SUMMARY T.O. #8

Pyridoscigmine bromide may be a useful agent to prevent dea•h from

organophosphace exposure if given in advance of the exposure and if given in a

dose chat Is adequate to inhibit red blood cell acetylcholinesterase by 20-

40%. A previous study conducted at our Institution determined that 16 mg of

pyridostigmine bromide administered as syrup inhibited red blood cell

aceryicholinesterase by 20-40% within one hour after dosing, but the

inhibition fell below 20% by about five hours after dosing. In an effort to

find a formulation that would provide adequate acecylcholinescerase inhibition

for a longer period, sustained-release formulations are being developed.

This study was designed (1) to compare the pyridostigmine bromide

pharmacokinecics in healthy men after single doses of 22 ag of pyridostigmine

bromide as syrup and after 22 mg of pyridosntigmine bromide in cwo different

sustained-release formulations, (2) to characterize the time course of red

blood cell acetylcholinesterase inhibition following the administration of the

two dosage forms of oral sustained-release pyridosrigmine bromide and compare

these to the inhibition occurring after oral pyridoscigmine bromide syrup, (3)

to assess the pharmacodynamic relationship between pyridostigmine plasma

levels and erythrocyte acetylcholinesterase inhibition, and (4) to assess the

safety and tolerance of these two sustained-release formulations compared to

pyridostigmine bromide syrup.

The clinical portion of the sr idy was conducted between 11 January and

23 April 1988. The two sustained-release formulations were less well

absorbed than the pyridostigmine syrup, measured either by direct plasma level

assay or by effect on red blood cell acecylcholinesterase activity. The
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T.O. #/8

relative bioavailabiltY of the -slow-release" tablet compared tu syrup was

51% by direct plasma level measurement and 60% by effect on

acetylcholinesterase activity. The relative bioavailability of the "fast-

release" tablet compared to syrup was greater than thac for the slow-release

tablet, 62% by direcu plasma level measurement and 83% by effect on

acecylcholilnesterase activity. Doubling the dose of fast-release tablets

still did nrot achieve the plasma levels or acetylCholinesterase inhibition of

the syrup at half the dose. The subjects tolerated the adminisCration of

pyridost igmine well.



APPENDIX D

SUMMARY T.O. #9

Pyridostigmine bromide may be a useful agent to prevent death from

organophosphate exposure if given in advance of the exposure and if given in a

dose chat is adequate to inhibit red blood cell ace-ylcho linesterase by 20-

40%. A previous study conducted at our institution determined that 16 mg of

pyridostigmine bromide administered as syrup inhibited red blood cell

acetylcholinesterase by 20-40% within one hour after dosing, but the

inhibition fell below 20% by about five hours after dosing. Another study

showed that 22 mg of syrup gave an average peak inhibition of 35% and provided

at lease 20% inhibition fGr slightly over 4 hours. In an effort to find a

formulation that would provide adequate acetylcholinesterase inhibition for a

longer period and be more convenient for dosing than syrup, sustained-release

formulations are baing developed.

This study was designed (1) to compare the pyridostigmine bromide

pharmacokinectis in healthy men after single doses of 45 ag of pyridostigmine

bromide as syrup and after 45 ag of pyridostigmine bromide in two different

sustained- release formulations, (2) to characterize the time course of red

blood cell acecylcholineoterase inhibition following the administration of the

two dosage forms of oral sustained-release pyridoscigmine bromide and compare

these to the inhibition occurring after oral pyridoscigmine bromide syrup, and

(3) to assess the safety and tolerance of these two susr~tined-release

formulations compared to pyridostigoine bromide syrup.
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T.O. #/9

The clinical portion of the study was conducted between 28 Harch and 30

April 1988. The two sustained-release formulations were less well absorbed

than the pyridoscigmine syrup, measured either by direct plasma level assay or

by effect on red blood cell acetylchollnesterase activity. The relative

bioavailability of the "slow-release" capsule compared to syrup was 41% by

direct plasma measurement and 47% by effect on acecylcholinesterase activity.

The relative bioavailability of the "fast-release" capsule compared to syrup

was greater than that for the "slow-release" capsule. 700 by direct plasma

level measurement and 77% by affect on acecylcholinesterase activity. The

subjects tolerated the administration of pyridostigmine well.
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APPENDIX F

SUMHARY T.O. #10

JR 6026, an 8-aminoquinoline similar to primaquine, may be a useful

agent to treat visceral leishmaniasis and may hold an advantage over other

compounds used currently (e.g., pentavalent antimony, pencamidine, and

amphocericin B) in being more convenient and less toxic. A previous study

conducted at our institution determined that a single dose of 60 mg of WR 6026

administered as four 15 mg capsules was well tolerated with no adverse

symptoms and only minor elevations of serum aminotransferases, mild elevations

in lactic dehydrogenase, and a single case of minimally elevated serum

triglycerides. None of the subjects had an increase in methemoglobin. There

was a lag time of about 30 minutes between drug administration and detectable

plasma levels, a fourfold variation in areas under the plasma concentration-

time curve, and a half-life of 5.2-17.3 ho-4rs (mean 10.7 hours). In an effort

to find a dose that would provide desired WR 6026 levels in the blood over

long periods without unacceptable toxicity, a rising multiple-dose study was

conducted.

This study was a randomized, double-blind, placebo-controlled

investigation designed (1) to determine the pharmacokinetics of UR 6026 at

doses of 5 mg, 15 mg, 30 mg, 45 mg and 60 mg given once daily over 14

consecutive days in healthy men and (2) to assess the safety and tolerance of

these doses.

The clinical portion of the study was conducted between 16 Hay and 16

December 1988. Four subjects (two drug, two placebo) were studied at 5 mg, 30

mg and 45 mg per day; eight subjects (four drug, four placebo) were studied at

15 mg per day; and twelve subjects (six drug, six placebo) were studied at 60
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mg per day. The doses were generally well tolerated. One subject at 15 mg

per day developed elevated serum triglycerides after 7 days, and so the drug

was stopped. Thirty hours after the last dose was administered, this subject

appeared to have a grand maal seizure. In retrospect, the subject may have had

seizures on occasion before entering the study. No other subjects at this

dose or any of three higher doses had clinically significant adverse events

when compared to subjects receiving placebo in this study. The most frequent

symptomatic complaint was headache, present in four subjects receiving WR 6026

and three subjects receiving placebo. Serum transferase elevations during the

study were noted in five subjects receiving WR 6026 and seven subjects

receiving placebo. Some, usually minor, electrocardiographic changes

developed during the study in 10 subjects in each arm. The two groups did

differ in the mean fall in hematocrit observed during the study, 3.4% in

subjects receiving WR 6026 and 1.8% in subjects receiving placebo. This

difference was statistically significant but clinically insignificant.

Hethemoglobin elevations were noted in all six subjects receiving 60 mg per

day (peak methemoglobin 3.2 - 6.9%), and in one of two subjects who received

30 and 45 mg per day (1.8% and 3.4%, respectively).

The pharmacokinetic analysis of the serial blood concentrations indicate

that the drug accumulates over time. The mean peak and trough WR 6026

concentrations increased with increasing dose. Using a two-compartment

analysis, the mean beta elimination half-life was found to be 28.79 hours

(range 13.13 - 49.46 hours). Median areas under the WR 6026 concentration-

time curve were proportional to the dose of WR 6026, although there was two-

to threefold intersubject variation at each dose. Areas under the curve when

normalized to dose were similar at all doses, indicating that WR 6026
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disposition obeys linear pharmacokinetics over the dosage range of 5 to 60 mg

daily,

Mechemoglobin concentrations increased with increasing IR 6026 doses.

Again, there were incersubject variations at each dose level. However, the

maximum increment in methemoglobin was highly correlated with the WR 6026 AUC.

No signs or symptoms resulting from methemoglobinemia were noted in any

subj ect.

We conclude that WR 6026 given in doses of up to 60 mg daily for 14

consecutive days is well tolerated. Further trials in subjects infected with

leishmania are indicated to assess the activity and efficacy of WR 6026.



APPENDIX G
SUMMARY T.O0. # 1

Pyridostigmine bromide may be a useful agent to prevent death from

organophosphate exposure If given in advance of the exposure and if given In a

dose that is adequate to inhibit red blood cell acetylcholinescerase by 20-

40%. A previous study conducted at our institution determined that 16 mg of

pyridoscigmine bromide administered as syrup inhibited red blood cell

acecylcholinesterase by an average of 20% just over one hour after dosing, but

the average inhibition fell below 20% by about five hours after dosing.

Another study showed chat 22 mg of pyridoscigmine bromide in syrup gave an

average peak inhibition of 35% and provided at least 20% Inhib.tion for

slightly over 4 hours. A third study showed that 45 mg of pyridostigmine

bromide in syrup produced inhibition above 20% for at least 4 hours in all

eight subjects, with a mean duration of at least 20% inhibition of 5.99 hours.

The sustained-release tablets tested at equivalent pyridostigmine doses in

each of these studies were inferior in absorption and acetylcholinesterase

inhibition compared to the syrup. In an effort to find a formulation that

would provide adequate acecylcholinesterase inhibition for a longer period and

be more convenient for dosing than syrup, other sustained-release formulations

are being developed. The Osamee (an osmotic-delivery module) seemed promising

since in v it releases drugs (including pyridostigmine) into solution at a

constant, zero-order rate. If pyridostigmine were absorbed at a constant

fraction of the amount released, then constant pyridostigmine concentrations

and acetylcholinesterase inhibition could be achieved.

This study was designed (1) to compare the pyridostigmine bromide

pharmacokinetics in healthy men after single doses of 47 mg of pyridostigmine

bromide as syrup and after 141 mg of pyridostigmine bromide in an osmotic-
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delivery module formulation (OsmeO), (2) to characterize the relative time

course of red blood cell acecylcholinesterase inhibition following the

administration of these tvo dosage forms of oral pyridostigmina bromide, and

(3) to assess the relative safety and tolerance of this suscained-release

formulation compared to pyridoscigmine bromide syrup.

The clinical portion of the study was conducted between 8 January and 3

February 1989. The plasma pyridostigmine levels and reduction in red blood

cell acetylcholinesterase activity were much lower after dosing with the

Osmece than with syrup. The mean peak plasma pyridostigmine level was 7.4

ng/ml with the Osmeca and 22.6 ng/ml with the syrup. The mean peak

ace/ylcholines terase inhibition was 19% with the Osmet5 and 40% with the

syrup. The relative bloavailability of the Osmee3 formulation compared to

syrup was 17.9%. After the syrup dosage, three of the eight subjects

developed gastrointestinal symptoms and another subject became lightheaded

with a reduction of diastolic blood pressure. Two subjects complaine, of

being sleepy 1-4 hours after the OsmecO dose, another developed nausea and

vomiting 39 hours after the Osmet 1 dose, and another developed soft stools

about 5 hours after the Osmeea dose.
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SUMMARY T.O. #12

This study was designed (1) to compare the pyridostigmine bromide

pharmacokinetics in healthy men after single doses of 90 mg and 180 mg of

pyridostigmine bromide as Mestinon TimespanA tablets, (2) to characterize the

time course of red blood cell acecyleholLnesterase inhibition following the

administration of the two doses of oral sustained-release pyridostigmine

bromide, and (3) to assess the safety and tolerance of these two doses of

sustained- release pyridostigmine bromide.

The clinical portion of the study was conducted between 12 December and

23 December 1988, and showed that the two doses were well absorbed. One

subject became lightheaded at approximately the same time as his erythrocyte

acetylcholinesterase inhibition peaked at 58%. Another subject developed

gastrointestinal discomfort about an hour after each dose, but whether this

was due to mCssing breakfast rather than the drug is not clear, particularly

since the symptoms were more severe with the lover dose. The mean peak

inhibition for the four subjects receiving the 90 mg dose was 47% (range 39-

58%). and the inhibition was 20% or greater for a mean of 6.81 hours (range

4.25-11.50). The peak inhibition for the two subjects who received the 180 mg

dose was 62%. and the duration of inhibition of 20% or greater was 9.5-11.5

hours (mean 10.5).
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SUMMARY T.O. #13

Niclosamide is a topical anti-schistosomal agent intended to prevent the

penetration of schistosomal cercariae through the skin. To be effective it

must be applied regularly in anticipation of exposure. Because of its

structural similarity to known topical photoallergens, it may induce contact

sensitization and/or contact photoallergy upon repeated application. To

assess these possibilities, we conducted this study in a total of 45 healthy

white subjects. Caucasian subjects were used to enhance our capacity to

observe irritancy and allergic responses compared to more pigmented races

(blacks or Orientals).

This study was conducted in two parts. The first part was designed to

determine the irritancy threshold of niclosamide in petrolatum and of sodium

lauryl sulfate (SLS). This portion of the study was conducted in 20 subjects

as a randomized, double-blind, placebo-controlled investigation. The second

portion of the study was designed to determine the contact sensitization and

contact photoallergic potential of niclosamide and was conducted in 25

subjects. The contact sensitization portion was performed as an open study

and was carried out in two parts -- an induction phase and a challenge phase.

The first portion of the study showed that the irritancy threshold for

niclosamide in petrolatum was 75% (weight/weight). However, because this

concentration was so dry and flaky, and therefore would not remain apposed to

the skin in the contact sensitization phase, the next lowest concentration

(50%) was used. The second portion of the study showed no evidence of contact

sensitization or contact photoallergy in any of the 25 subjects upon

rechallenge t•wo weeks after completing the sensitization phase.

m i i i i in mi i i i
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These results indicate a low likelihood of contact sensitization or

contact photoallergy in response to topical niclosamide. We believe that with

the benefit of these data, multiple-dose studies of both safety and efficacy

can now be conducted.1

1
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SUMMARY T.O. #14

Pyridostigmine bromide may be a useful adjunct to atropine to prevent

death from organophosphate exposure if given in advance of the exposure and if

given in a dose that is adequate to inhibit red blood cell acetylcholin-

esterase by 20-40%. Previous studies conducted at our institution determined

that single doses of pyridostigmine bromide administered as syrup inhibited

red blood cell acetylcholinesterase by 20-40% for a longer period of time than

equivalent doses of various "sustained-release" tablets and capsules; but

syrup is inconvenient in a field situation. The best experimental sustained-

released formulation (45 mg capsule) kept red blood cell acetylcholinesterase

inhibition above 20% for four hours. In an effort to find a formulation that

would provide adequate acetylcholinesteraea inhibition for a longer period,

other formulations are being investigated.

This study was designed (1) to characterize the pyridostigmine bromide

pharmacokinetics in healthy men after single doses of two oral dosage forms of

pyridostigmine bromide, one a sustained-release preparation and the other a

standard tablet, and compare these to the pharmacokinetics of a prolonged

intravenous pyridostigmine infusion, (2) to characterize the time course of

red blood cell acetylcholines terase inhibition following the administration of

these two oral dosage forms and compare these to the inhibition occurring with

intravenous pyridostigmine. (3) to assess the effect of food on the

pharmacokinetics and pharmacodynamics of the two oral pyridostigmine dosage

forms, and (4) to assess the safety, tolerance, pharmacokinetcics, and

pharmacodynamics of multiple doses of the oral formulations over two days.
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The clinical portion of the study was conducted between 11 March and 26

May 1990, and showed that the mean bioavailability of the sustained-release

tablet given fasting was 8% by pharmacokinetic assessment and 8% by assessment

of the inhibition of erythrocyte acecylcholinesterase when compared to

intravenous pyridostigmine. The bioavailabiliry of the standard tablet given

fasting was 17% by pharmacokinetic assessment and 19% by assessment of

acetylcholinesterase inhibition. The effect of food on the inhibition of

erythrocyte scetylcholinesterase activity was minimal for the sustained-

release formulation, shifting the acetylcholinesterase inhibition-time curve

about two hours to the right. On the other hand, food caused a reduction in

the degree of acetylcholinesterase inhibition following the first standard

tablet with food, but this effect was absent when the inhibition-time curve at

steady stare with feeding was compared to the fasting dose. Both formulations

were well tolerated when given in multiple doses over two days.


